The iron status of a national sample of adults living in France and participating in the SU.VI.MAX cohort, was assessed using serum ferritin and hemoglobin concentrations. Complete data were obtained for 6648 women 35 ± 60 y old and for 3283 men 45 ± 60 y old. Assessment of iron dietary intakes was realized on a subsample of 3111 women and 2337 men who reported six 24 h dietary records during a one-year period; 22.7% of menstruating women and 5.3% of post-menopausal women presented a total depletion of iron stores (serum ferritin`15 mgal). Iron-de®cient anemias were found in, respectively, 4.4% and less than 1% of these women. Three-quarters of the anemias were related to iron de®ciency in menstruating women. In men, iron depletion and iron de®ciency anemia were very rare. Post-menopausal women had much higher serum ferritin levels than menstruating women. In menstruating women, those using intrauterine devices had signi®cantly lower serum ferritin levels than those without contraception, and much lower than those using oral contraception. The frequency of iron depletion reached 28.1% in women using intrauterine devices, but only 13.6% in those using oral contraceptives. The mean iron intake was 16.7 AE 5.7 mgad in men and 12.3 AE 3.4 mgad in women. Heme iron represented respectively, 11.1 and 10.4% of iron intake. Ninety-three percent of menstruating women had dietary iron intakes lower than recommended dietary allowances (RDA); 52.6% consumed less than two thirds of these RDA. In post-menopausal women and men, respectively 27.7% and 3.6% had dietary intakes lower than RDA. Serum ferritin was positively correlated with meat, ®sh and total iron intake, and negatively correlated with dietary products consumption, calcium and ®ber intake.
Introduction
Although iron de®ciency is mainly a problem in developing countries, it also seems to affect large fractions of populations in the industrialized world (Hallberg & Asp, 1996) . In the last few generations, in developed countries, the reduction in total dietary micronutrient intake and the increase in consumption of foods containing only energy without trace elements or vitamins have contributed to a decrease in the micronutrient density per unit of energy in diet, and particularly iron density (Dupin et al, 1983) . For these reasons, the usual diets in developed countries may no longer meet the iron requirements of numerous people, particularly those with high iron requirements including children and menstruating or pregnant women, who may be considered at high risk of iron de®ciency (Hercberg et al, 1990) .
In healthy menstruating women, iron is necessary to cover basal iron losses, mainly derived from losses of cells from the gut, body surface and menstrual losses. Therefore women of childbearing age are at greater risk of iron de®ciency than men, because the average blood loss of 40 ±50 ml at each menstrual cycle increases their requirement for iron to an average of 50% higher than that of men (Hallberg et al, 1966) . Marked variation in menstrual blood losses may be considered as the main source of variation in the iron requirements in non-pregnant, menstruating women. Factors likely to intervene in the volume of menstrual losses may affect the iron balance, as either risk or protection factors.
The effect of the variation in iron requirements upon iron balance and iron status in fertile women depends on the properties of the diet and the ef®cacy of the regulatory systems controlling iron absorption. The interrelationship between different factors in¯uencing iron absorption has been examined in a few recent studies. Absorption of dietary heme iron in meat, poultry and ®sh is favoured and is not in¯uenced by factors which affect nonheme iron absorption (Bothwell et al, 1979) . Its absorption is, however, inversely related to the amount of heme iron in the diet and to iron status (Hallberg & So Èlvell, 1963 , Viteri et al, 1978 . Experimental assessment of nonheme iron absorption using isotopic iron has demonstrated the role of absorption promotors (meat, ascorbic acid) and inhibitors (phytates present in bran and seeds, polyphenols in tea, coffee and certain vegetables, calcium salts, and factors in soy protein) of dietary-iron bioavailability. Moreover, several investigators have demonstrated a strong negative relationship between iron stores and iron absorption (Charlton et al, 1977; Cook et al, 1974) . It is not clear up to what point the stimulus of iron de®ciency on iron absorption, interacting with dietary quality is able to compensate for elevated iron requirements. Until now, few data are available on the interrelationship between the different factors (dietary quality and iron intake, individual iron requirements) liable to in¯uence iron balance (Hulten et al, 1995; Layrisse et al, 1990 ).
This present study was carried out to assess the iron status of a national sample of adult women living in France. Dietary, physiological and behavioral data were collected to better understand factors in¯uencing the parameters used to assess iron status.
Material and methods

Sample
The`SUpplementation en VItamines et Mine Âraux AntioXydants' (SU.VI.MAX) Study is a randomized doubleblind, placebo-controlled, primary-prevention trial designed to test the ef®cacy of daily supplementation with antioxidant vitamins and minerals at nutritional doses, in reducing the major health problems in industrialized countries, and especially the main causes of premature death (Hercberg et al, 1997) ; 12 735 eligible subjects (women aged 35 ± 60 y; and men aged 45 ± 60 y) were included in a basal evaluation (1994) and are being followed up for 8 y. Participants undergo a yearly visit consisting every alternate year of biological sampling or a clinical examination. Data on baseline characteristics of the participants suggest that the present sample is, for the selected age groups, close to the national population in terms of geographic density and socioeconomic status (Hercberg et al, 1997) .
The SU.VI.MAX Study has been approved by the ethical committee for studies with human subjects (CCPPRB no. 706) of Paris-Cochin, and the`Comite Â National Informatique et Liberte Â' (CNIL no. 334641) which advocates that all medical information be con®den-tial and anonymous.
Biochemical measurements
At baseline, a 35 ml venous blood sample was obtained in participants who had been fasting for 12 h at the time of their visit for the SU.VI.MAX biological follow-up. After collection (Becton Dickinson tubes), hemoglobin was measured immediately (cyanmethemoglobin method) and blood was kept at 4 C in the dark until centrifugation and preparation of aliquots. Serum ferritin levels was measured using a nephelometric assay (BNII Behring). The laboratory quality assurance include analysis of serum from standard pools with each run and international standards. Complete data on biochemical markers of iron status were obtained for 6648 women and 3283 men.
Assessment of dietary intake
Assessment of iron dietary intake was realized on the subsample of subjects who reported a 24 h dietary record every two months corresponding to six 24 h dietary records during a one-year period (1995 ±1996). All participants received a free, small, central processing unit, speci®cally developed for the study, loaded with ad hoc software. This material enabled subjects to ®ll out computerized questionnaires off line and to transmit data during a brief telephone connection via the Minitel Telematic Network, which connected them to the main SU.VI.MAX computer server. The Minitel is a small terminal widely used in France as an adjunct to the telephone. Subjects were aided in this task by conversational facilities of the software, and by an instruction manual for codi®cation of foods, including photographs for estimations of portion size. Foods were presented in three sizes, including intermediate and extreme positions, permitting seven choices of the amount. Photos of the portion sizes were previously validated on 780 subjects in a pilot study (Le Moullec et al, 1996) .
We excluded irregular-responders (less than six records) or non-responders who correspond to 38% of the total sample of participants in which biochemical markers of iron status were evaluated. Finally we obtained complete data for 3111 women and 2337 men. The energy and iron content of the diet was estimated using a computerized food composition table (data from the CIQUAL table (Feinberg et al, 1991) completed by MacCance and Widowson's (Paul & Southgate, 1978) ). Daily iron intake was compared to the French Recommended Dietary Allowances, which are 10 mgad for adult men and post-menopausal women and 18 mgad for menstruating women (Dupin et al, 1992) . All nutrient and dietary values reported here are based on the average intakes for the six 24 h dietary records for each subject.
Statistical analysis
Data were compiled on an Alpha-VMS system using SAS and a speci®c database developed for handling the data by SAS. Percentiles were computed using the weighted average algorithm. The relationship between dietary factors and either hemoglobin concentration or serum ferritin levels was evaluated after preliminary study of Pearson's correlation matrix, with multiple linear regression models adjusting for confounding variables. The validity of the assumptions was checked by residual analysis, including descriptive statistics, normal probability plots and plots of the standardized residuals against regressors. Since the serum ferritin distribution was markedly positively skewed, the natural logarithm of this variable was used in computations to increase normality.
Results
The distribution of serum ferritin concentrations (median, 5th and 95th percentiles) and hemoglobin levels (mean AE s.d.) for women and men according to age are presented, respectively, in Table 1 and Table 2 . Median values increased with age for hemoglobin concentration and serum ferritin levels. Differences between sexes were observed for mean values of serum ferritin and hemoglobin.
Iron depletion was de®ned as a serum ferritin level of 15 mgal or less (Hallberg et al, 1993) and anemia as a hemoglobin concentration of less than 120 gal (8.4 mmolal) for women and less than 130 gal (9.0 mmolal) for men based on conventional cut-off points (WHOaUNICEFaUNU, 1997). Iron-de®ciency anemia was de®ned as a combination of anemia with serum ferritin of less than 15 mgal. Prevalences of iron depletion, anemia and iron-de®ciency anemias in women according to menopausal status, and in men, are presented in Figure 1 . 22.7% of menstruating women and 5.3% of post-menopausal women presented a total depletion of iron stores. Iron-de®ciency anemias were found in, respectively, 4.4% and less than 1% of these women. Three-quarters of the anemias were related to iron-de®ciency in menstruating women. In men, the presence of iron depletion and ironde®ciency anemia were very rare.
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The role of menopausal status and contraceptive habits in women is presented in Table 3 . Post-menopausal women had signi®cantly higher serum ferritin levels than menstruating women. Menstruating women using intra-uterine devices had signi®cantly lower serum ferritin levels than those without contraception, and much lower levels than those using oral contraception. The prevalences of iron depletion, anemia and iron-de®ciency anemias in women according to contraceptive habits are presented in Figure 2 . The frequency of iron depletion reached 28.1% in women using intrauterine devices, but only 13.6% in those using oral contraceptives.
The serum ferritin values in women were positively correlated with hemoglobin levels (r 0.35, P`10 74 ). Figure 1 Prevalences of iron depletion, anemia and iron-de®ciency anemias in women (according to menopausal status) and in men. * P`0.05; *** P`10 73 . Prevalences of iron depletion, anemia and iron-de®ciency anemias in women according to contraceptive habits. * P`0.05; *** P`10 73 .
Determining factors in iron status P Galan et al
Mean energy intake ( AE s.d.) per person (mean of 6 records) was 1811 AE 482 Kcala (or 7570 AE 2015 KJad) in women and 2428 AE 623 Kcala (or 10 149 AE 2604 KJad) in men. The median, 5th and 95th percentiles for total, heme and nonheme iron intakes (mgad), percentage of heme iron and iron density (mga1000 Kcal) are presented in Table 4 . Mean iron intake was 16.7 AE 5.7 mgad in men and 12.3 AE 3.4 mgad in women. Heme iron represented respectively 11.0% and 10.4% of iron intake. Total iron intake was not in¯uenced by age (Table 5) ; but the percentage of heme iron increased signi®cantly with age (P`10 73 ). Iron density increased slightly and signi®cantly with age (P`10 74 ). Ninety-three percent of menstruating women had dietary iron intakes lower than RDA; 52.6% consumed less than two-thirds of these RDA. In post-menopausal women and in men, respectively, 27.7% and 3.6% had dietary intakes lower than RDA. There was a positive correlation between energy consumption and iron intake (r 0.65, P`10
73 ) The Pearson partial correlation coef®cient (adjusted for menopausal status, oral contraception and intrauterine practices) showed a positive correlation between serum ferritin and meat (r 0.18; P`0.001) and ®sh intake (r 0.05; P`0.02) and a negative correlation between serum ferritin and dairy products (r 7 0.10, P`0.001). Hemoglobin was also positively correlated with meat intake (r 0.06, P`0.002).
After adjustment for menopausal status and contraceptive habits, and using the multiple linear regression models (Table 6) , the relationship between meat and ®sh consumption and serum ferritin remained positively signi®cant. Serum ferritin was negatively correlated with dairy products. There was also a relationship between hemoglobin and meat intake.
Serum ferritin was positively correlated with total dietary intake of iron (r 0.09; P`10 74 ), percentage of heme iron (r 0.08; P`10 74 ), and total intake of animal proteins (r 0.12; P`10 74 ). It was negatively correlated with calcium (r 7 0.10; P`10 74 ) and ®ber intakes (r 7 0.08: P`10 74 ). Hemoglobin was positively correlated with total iron intake (r 0.05; P`0.05) and with animal proteins (r 0.04; P`0.05). Multiple linear regression, after adjustments for reproductive status, con®rmed these correlations (Table 7) .
Coffee, tea and vitamin C intake, known to in¯uence non-heme iron absorption, were not signi®cantly correlated with serum ferritin or hemoglobin after appropriate adjustments.
Discussion
The prevalence of iron depletion in the population studied is especially high in women of childbearing age. One menstruating woman out of ®ve has depleted iron stores. These results are consistent with data from other industrialized countries on the same type of population (Dhur et al, 1989; Hallberg et al, 1989) . Iron de®ciency is severe Table 4 Total daily iron intake, iron density, heme and non-heme iron intake (median, 5th and 95th percentiles) in men and women 35 ± 39 y 11.5 (7.1±18.3) 9.5 (2.7±26.5) 6.2 (4.6 ± 9.3) 40 ± 44 y 12.0 (7.0 ±19.0) 9.5 (2.9 ±23.5) 6.5 (4.7± 9.9) 45 ± 49 y 11.8 (6.7±19.5) 10.5 (3.5 ±26.6) 6.5 (4.8 ±10.
3) 50 ± 54 y 11.9 (7.1±19.7) 10.8 (4.0 ±25.0) 6.8 (5.1±10.3) 55 ± 60 y 11.8 (7.2±20.0) 10.9 (4.3 ±33.1) 6.9 (5.1±11.2) NS P`10 73 P`10
74
Determining factors in iron status P Galan et al enough to be responsible for anemias in more than 4% of menstruating women. Although the main form of iron de®ciency anemia, classically characterized by clinical signs, no longer represents a major problem in industrialized countries, our data indicate that iron depletion (without clinical or biological evidence of anemia) is common in menstruating women and could have deleterious effects upon health (Finch & Huebers, 1982; Cook & Lynch, 1986 , particularly in relation to pregancy which carries a high demand for iron (Viteri, 1994) . It clearly shows that the choice of the contraceptive method used has a marked effect on iron requirement and iron status. The use of intrauterine devices has been demonstrated to double menstrual iron losses (Guillebaud et al, 1976) . More than one-fourth of women using intrauterine devices have exhausted iron stores and nearly 6% have iron-de®ciency anemias. Conversely, we observed that oral contraceptive use was associated with a better iron and hematopoieteic status. However, the effect of oral contraceptives on hematopoietic status is subject to debate. Some studies (Burton, 1967; Myo-Thein, 1969) do not observe any difference in the hemoglobin levels of women using oral contraceptives, while others, like ours, report a difference (Takkunen, 1976; Rivera, 1983; Galan, 1985) .
In our study, dietary iron intakes by menstruating women were often below recommended dietary allowances. The relatively low intake of iron observed in this group of women, is in agreement with our previous observations on a similar population group (Preziosi et al, 1994) , and with the ®ndings of other investigators (Ministe Áre de la Sante Â Nationale et du Bien Etre Social, 1983; Arab et al, 1982; Takkunen, 1976; Milman et al, 1984) . The inadequacy of iron intake could be explained by the strong correlation observed between energy and iron intake. In recent decades, a global reduction in energy intake has been observed in industrialized countries (Whitehead 1995) as a reponse to a simultaneous decrease in energy expenditure. A reduction in energy intake has not been followed by an adjustment in food iron density, namely a rise in iron intake per energy unit.
In our cross-sectional analysis, we found a signi®cant positive correlation between dietary intake and some iron parameters. Only a few epidemiological studies have assessed the relationship between iron status and dietary intake of iron and of foods or nutrients known to affect iron absorption. In an adult population in Finland (Takkunen, 1976) , the total iron binding capacity was negatively related to total iron intake in men and to energy-adjusted iron intake in women. Soustre et al (1986) and Takkunen (1976) showed a signi®cant positive in¯uence of meat intake upon serum ferritin among adults. Meat is the main source of well-absorbed iron, and it enhances the absorption of non-heme iron. In our study, as in the work of Bairati et al (1989) and Preziosi et al (1994) , ascorbic acid intake, which is experimentally considered as a powerful enhancer of iron absorption, was not associated with any of the biological iron status indicators. Previous studies revealed that vitamin C was positively related to serum ferritin (Kenney, 1985; Hercberg et al, 1987) . Other authors have also identi®ed a relationship between markers of iron status and several dietary factors that are experimentally known to inhibit non-heme iron absorption: dairy products or calcium (Takkunen, 1976; Soustre et al, 1986; Kenney, 1985; Preziosi et al, 1994) , coffee or tea (Galan et al, 1985; Soustre et al, 1986) , and cereals (Takkunen, 1976) . We found a negative relationship between iron stores, assessed by serum ferritin levels, and calcium intake or dairy product consumption. We also found a negative correlation between consumption of dietary ®bers and serum ferritin.
Conclusions
Finally, the menopausal status, the mode of contraception and dietary patterns explain nearly 20% of the variability of iron stores in women. Menopausal status appears to be the most important determinant of the variability of the iron status in the study population. Determining factors in iron status P Galan et al
